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CIGARETTE SMOKE TRACERS: GAS CHROMATOGRAPHIC 
ANALYSIS OF DECACHLOROBIPHENYL 
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Summary " ' n - . _. 

Dceachlorobiphctiyl in iiticrogrsm quantities 
was used as a tracer for estimating the di-posi¬ 
tion of total particulate nutter of cigarette 
smoke in the airway* of lalmiatmv animal*. 

, TIh* cot 11 pou t id,. Jt* 5 * ofjty l;uk ufji.andrr 
to the pulmonary tinul.ilion. is useful ns a 
tracer oftotal smoke cvpn*iite. On tin- coiiltaiv, 
brc.ituc of it* tapitl' tiaii'fri ‘ id tfic'lilooiir 
dkhlnudurn/ophrwmr isbo-t used, a> a tiaerr 
for estimating drp«»*iiinti of siuokr irt mm 
respiring ait was* ami tin* Muds of (ham nr*- h\ 
mucociliary fran*puit. 


I'resioush. the use of -I.T-dichlorobcn/oplunoite 
(DC I*) as a tracer for water-insoluble par tini- 
late components uf tobacco* vtnoke wav drscrilietU 
Fur (her studies indicated iliac the quantity of 
haloptnatcd tracer found in the respiratory tract 
of laboratory animals is not only a function of 
well known clearance mechanisms but aho a func¬ 
tion of :ran*fcr into the blood. It is probable (hat 
transfer into the blood can occur at a very rapid 
rate for many water-insoluble chemical com¬ 
pounds administered by inhalation. \.t * * 

This Teport presents a sensitive analytic meth¬ 
od for dfccathlorobiphcnyl (DCBP) in the animal 
lung and in the paniculate matter of smoke de¬ 
rived from labeled cigarelies. Data are presented 
fur several experiments demonstrating the utility 
of this tracer. Al*o, data arc presented which 
indicate that a fraction of the DHP tracer train* . 
fers quickly to the blood, whercas DCJ^lMiacer^ , 
li hoc tunsferred in the same time interval. * *’ ‘ 

Data relating to rapid transfer from the lung 
to the pulmonary circulation of a number of 
other haiogcnaicil compounds are also ptesented. 


Hade ally, the <antc mctliods previously u-|H»rr«U 
for preparing cigaictrcs. Jinoking sample cigar* 

llief n'r,! m nuptial form December 13, 1972 
in teriieH form February 20,197)) , . — > . : 

1 l ewis. G. I., McGcady. J. C. Wagner* J. R.. 
Sehulr/. F. J.. and bpcars, A. W.: Airier. Rev. 
bis.. 1972.1 Pd, 4S0. • - * 


site*. t\pt»*ing animal*. and of au jIvm* of ii*sue. ' 
were n«ed in then* cxpeiinvuts. except for the 
cnuditiiMii of chittmnugijphy, 

Foi the unaliM* of DCHI\ rath rt**uc sample 
wa* lutrti(»geni/id in jHiniiuicro Watth? blender 
jai with I ml nf a hexane miiiticit emit.lining I 
jig of (lie iuUtnuI Mamhitd l.i'tli(ith".r>diphcn*l* 
ilidilcrnetluiic (ODD) per ml la ml of hexane, 
and It* c uf .inlivdimi* sodiumi -i:|f ite Tlie it** 
s»lliii|: nn\tu;e tva* nr.ifud as i!i*eTi!»cd pterions, 
h fi*i ii**m* iDIM*. " 

‘I lie ga* sliii-niati'gi aphic Ci'iul :*ti*ii- f>u anal- 
s>i* nf l)( UP wcic Miiulaii ti* J.m anaivd* 

of DHP rxtept for the following chan" *. (M: iu- 
|sHt tvuipeiatme. U?.V C: *Jli column 
tcmpeiatuie. JGO* G: (ij election raptuir de¬ 
tector tempi ratuir. JIOO* C; (/» glav lulling col-. 
itiim l « in long by f» mm in diaitictci. packed 
with ;t.9 per cent l‘GW-93 silicone rubber on 
8(1-100 mesh Supdeoport.J 

Tlie calibration curve for DC ISP is *hown in 
figttrr I . Recovery of DCUP was I Oh per cent 
when 0/i t» .VO M g ofDGIIP was addid to the 
samples. 

Tis'iic sain pits containing I)DD and L-T-dibro* 
modipbtrnlmelbanc (DOOM) were analysed by 
the previoirdv upmted method fr*r UTlPli u>ing 
DHP as the internal staml.tid. Galibiaiiou curves 
for each analysis icsemhled tlin*c fur DUP. 

The data frum an txpci intent with Long* 
Evans strain tats exposed to eight -l0-*-.tond ptiilv 
of smoke at a rate of one pufT pr min from 
DCRP-labeled cigaicttts (0-17 per tent DCBP- 
by weight of tobacco, yielding Ca fl ug of PGUP' 
in the mainstream smoke per cigaietuj. diluted 1 
r ff tb’T with air are shown in table 1 with data 
from an identical ex pet ii ticnt in which UUP cig- 
aicttc* were used (0.360 per cent DHP by weight 
of tobauo, yielding .VH) <( g of DfiP in the main* 
stuain smoke per cigarette). In both case*, the 
lung and trachea of the animal* were excised 
within appioximatcly 2 iiiimite* after cxpmine. 
ft was found that the lung iicpo?iticn of DCHP 
in per cent (1X1 per irnt of throrrttr.) was great- 
it than rlmt for Mill* fO.lH jnr cent of tfir*n« lie). 
Similar teswltv weic obtained with li.uu-teiv and 
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mean recovery op cigarette smoke 

TRACERS FROM ANESTHETIZED; 
CANNULATED INTACT I1ATS WITH . £ 
PNEUMOTHORAX ANO ISOLATED. vyi 
CANNULATED RAT LUNG-TRACHEA ^ 
PREPARATION* • 


Fig. 1. Calibration curve for analysis of dccachlo- 
robiphrnyl. 

mice. This difference in the fraction of the 2 
tracers found in the lung could not he explained 
by extrapolation of die DCHP tracer clearance 
curve to zero time as tUptcicd for DUt* in the 
p lev io us study!: liter dote, it was the result of 
unusually high disappearance of HUH within 2 
minute* after exposure. 

To elucidate this rapid clearance, anesthetized, 
trachcototitizcd rats were administered^ labeled 
smoke generated by a 35-mi puff taken with a 
syringe in approximately two second* front the 
cigarette. By use of a 3-way valve, a 4-ml aliquot 
of the fifth puff vras administered to tfie animal 
and a I6*ml aliquot of the sample puff was col¬ 
lected on a Cambridge filter foe analysis of the 
tracer delivered to the animal. After aduiinist:a- 
tion of smoke, the trachea was damped and the 
lung was excised within 2 minutes. In one type 


Tcacart 

Molecular 

Weight 

Lung. 

Trachea 

Recovery 

O0P 

2ST 

Iso la Cad 

83 

OOP 

251 

Intact 

11 

OOO 

320 

Intact 

40 ■ ’ 

OOO 

325 

Intact 

64 

OCG? 

409 

Intact 

104 


* AduJt, Long Evans strain rui UMliut«j imOKt 
(30 ml par 2-sacond putf> was ganararad and de¬ 
livered with • syringe, ond ttia fifth puff was urhJ.. 

r QB-* * <.4*-dichlorobanrophanon«; OOO • 4,4*• 
dibrornodiphanylmathana; OG3P ■ decachloropi. 
phanyi; GBO • 4,4 r -dibromod iphenylmuthane. 


of experiment, laparototcircd rats were used in 
which pneumothorax was produced by a dia¬ 
phragmatic hernia immediately before adminis¬ 
tration of smoke. Strong heart heats were main¬ 
tained during administration of smoke. In an¬ 
other type of experiment, freshly isolated, can- 
milatcd, rat lungs were exposed to smoke in a 
similar manner. The results indicated that the 
fraction of tracer iccoveretl in a given animal 
>pocie\ was ;* function of molecular weight, and 
probabis mofecular size and solubility (tublb 2). 
The heaviest (DC13P) and lightest (OlIP) mole* 


TABLE 1 

MEAN VALUES OF DEPOSITION OF CIGARETTE SMOKE TRACERS. 
4 t 4*'-OICHL0ROflEN20PHCN0NE tGBP) ANO OSCACHLOROSIPH6NYL {DC3PJ 
IN LUNGS OF MALE ANIMALS 


Animats* 

Trecar 

Concen r/ation 

In Oilutod 
Smoke 
(ufj/mtt 

Totef 

Exoasu'e 

Time 

(mini 

Estimatad 
Ventilation 1 
(mi,min) 

(ngf 

Lung Deposition 

DCSP/OGP 

m-* (%y 

Rat (•)! 

OBP 

0.301 

5.33 

174 

1.3 

0.43 


Rat (b) 

OCCP 

0.127 

5.33 

100 

14.5 

13.4 

28 

Hamster (c) 

OBP 

0.301 

5.33 

44 

0.32 

0:46 


Hamster (dj 

OCQP 

0.127 

5.33 

70 

4.4 

9.4 

20 

Mouso fnl 

OOP 

0.1 no 

2 40 

25 

0.05 

0.46 

• 

Mourn jf) 

oenp 

0,000 

2.40 

29 

o.co 

11.1 

24 


- Tun of 300 a and 4 of 320 g Long,Ev/in» rats oar g^oou. 'Oipoctivwly. 

(e)(rt): Twenty of fiO 3 nnil 4 o# 1 10 g GnUfvn Syrian oar groun ; ,ruu>*Ctiv«ly. 
loHIK Twnnty of 20 g on<j 10 of JB g ICfVoer g»OuO, rojooe:*wvly. 

T C^lculotfid ar.cording to Guyton A 

Amount of t/acor ro^notning m lung timot lOOdlvidcvi tiy thi> amount In intpir^d air,. 
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Fig. 2. Concentration of dccacMorohiplienyl and 
4.T*dich!of©bemephenone in the lung tracheal 
system with increasing smoke exposure time. 



Uilo *!»rmi d tlic* highest (104 p*-t cenlt .it»l louru 
ft].per tent) recoveries, respectively. There was a 
jpeat di/Tcrencc in the per cent reins cry nf the 
tracer DflP in the isolated (W percent) and in* 
tact (It per cent) lungs (table 2). He cause the pul* 
monary circulation was intact during delivery of 
nuke in the intact preparation, it apjwarcd that 
the rapid h*»* of the tracer front the ropirutots 


tract wav to the IrinmKtitanii 1 he intim «»f depo¬ 
sition of IK.HP to drpmi<i(»ii of IHM* in j>rr tent 
in lung for thr rat. the hamster, and the mouse 
weic 28. 20. ami 21 per rent icspeciisch (table 
I). 

The tissue < outrun atioux of hath rtain% in- 
trcawtl linearly av a function of rxjNiMirr time 
(figure 2). Data mi pulmonary clear unci* of limit 
tracers 2 minute* after exposure in a double* 
bbcling experiment in the rat are shown in fig 
ure 3 together with clearance data tor E . rnli 
- fwmi the Htciatuuv 1 

The fractions of (lie UHT and DCFU* found 
in the head and stomach-esophagm were of ap* 
|inixiiiiately the same older of magnitude, wht re* 
a* the fractions oT Dill* and HCIVI* ftairitl in the 
lung trachea diffcicd more than one order of 
magnitude (table 3). Hum these data, and from 
iho«c presented in figure 2. it was concluded that 
tin 1)11 P that wav d**poMud on iiihalinicm in the 
respiring area of the lung was transferal to the 
blood very rjuickly. 

The DOJP found 2 minutes after exposure 

a inlander, R.: Acta Physiol. Scand.. 1003 
(Supplement 306. p. 77). 




0 2 4 6 a 10 !0 10 20 22 24 


Time (Hours) 

Fig 3. U Jt»*»if t It ar.itite of tier i«lilbMibi|dii in I from the lung tiaihral warm tuinjMfiil w irli 
fhatamrnf / «r/#rw</mi rn(r» and *1.1 dir hbnnlirfuophcnnniT.fOHI'}:* 
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TABLE 3 

DEPOSITION OF CIGAOCTTF SMOKE TRACERS 
4.4*-OlCHLOnOOENZOPHENO:jE 10 BP LAND 
OECACHLOnOUIPHENVU IDCttPl IN .MOUSE ORGANS AFTER 
EXPOSURE TO DOUBLY LABELED SMOKE* 



-;F 

; ■ ’:f,: 

Oroan 

Trae«r f 

Coi*c. In 
OilurtfcJ 
S*nfkn 
(ttyi'enlI 

Total 

Caposura 

Tima 

6«x7 

Osnoiition 


(%) ' • 

; ' ■ ' * . 


Stomacli nsophflgus 

OBH 

0.30 

144 

0.45 

2.2 

.-a r.“y-.. . 


Lung-Tracho* 

OUP 

0.30 

144 

0.10 

0:48 



Hoad rt 

out* 

0.211 

90 

0.41 

4.2 



Stomach. Asophagus 

oca** 

0.089 

144 

0.13 

2.9 



Lu»ig*Trachea 

OCflP 

o.ono 

00 

0.7G 

13.4 



Heod fT 

ocno 

o.oao 

95 

0.38 

9.2 


•Mo-jn vnlimt of 20 ICR strain rn*lr mico (26 jl. Vantlloticn tquult 29 ml. 7 
*Su« tahtd 2 (or dafimcioMt of aubfavincionj of compounds. 

••Amount of trocar romaining m organ tim«i 100 divided hy th# amount In 
Ihsinrod oir. 

*I All akin ffimov-d. 
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represents the total quantity deported in the 
respiratory ttart; the clearance i.itc ivai Mtnil.tr 
to that previously attribut'd to a combination 
oi mucociliary transport: and macrophage activ- 
it>-4. s it is iioli'U'oithy. that the fraction of £. 
colt (approximate!) 10 pci ivm) tlcarnl by me¬ 
chanical camport was of the same order of mug 
tiitude as the fractional ratio of DM* to DCUi* 
found in the rrspiratory tract 2 minute* after 
exposure. This i< consistent with the suggestion 
that Dili* is iccovered only from (iie n<mi«npt<tug 
portions of the lower usptiatory tiact. 


Vaughans reported the total retention of radio¬ 
active jodiitm chloride gtscerine anr^oN of van* 

* K) la ruler, R.: Arch. Intern. Med. (Chicagob 

I970;/?o*49f». 

s Gfee«. (*. M.: Arch. Intent. Med. (Chicagoi. 

1970. 226, .500. 

6 Vaughan. \V. J., and VAuchaii. II E.: 
U5NRDL.TR-CS*in.'i 1 October 1, i«G$: National 
Technical Infotillation Service. Springfield i Vir¬ 
ginia; 


mg si/e* ih the lungs of anesthetized rata. For a 
aerosol, which ii an approximation of tin 
mean panicle size for cigarette smoke,” the re- 
ti'itttun was 14 per cent. Using an estimated ven 
ciljtion of lTiO ml per mitt for the rats (table lj 
and the tl.ua fur the DCHP liacer> the reten¬ 
tion of h i diluted smoke was estimated to be 
13.4 per cent. 

C. J. Ltwis 

J. C. MeCk-sov 
11. S. Tost* 

K. J N.HLLTZ 
A. V.*. 5;*.v*s 

t.OTutiird Heifarch Center 
A fjn-iuun uf t.oew's Theatres, Inc. 

Creembttro, Xorth Carolina 27420 


• Leonard. R. Z^ and Kiefer. J. Tobacco 
Sci.. 1972. /"/. 3 j; 

* Gus :on. A. C.: Araer, L Physio!., 1947* l!Z. 
70. 


I-* 

O 

o 

Q 


n 

S3 

& 




• t -it ■» •*- > • 

.-Jr *‘•-2 *' 

■* . • *> r<- *3 : * *“* * T/.* W . «* J 


" Oil 


4> ; IV V 1 . 


-U.. •.***. ... 
v . .. i. * * * * 

..... 

* 

•.fc' J . ?. f . • 

k~i- 


P r * 


Source :tps://www.industrydocuments.ucsf.edu/dbcs/tkyfOdOO 






. < 




J v 



/'h 



